The importance of biodiversity (below and above ground) is increasingly considered for the cleanup of the metal contaminated and polluted ecosystems. This subject is emerging as a cutting edge area of research gaining commercial significance in the contemporary field of environmental biotechnology. Several microbes, including mycorrhizal and non-mycorrhizal fungi, agricultural and vegetable crops, ornamentals, and wild metal hyperaccumulating plants are being tested both in lab and field conditions for decontaminating the metalliferous substrates in the environment. As on todate about 400 plants that hyperaccumulate metals are reported. The families dominating these members are Asteraceae, Brassicaceae, Caryophyllaceae, Cyperaceae, Cunouniaceae, Fabaceae, Flacourtiaceae, Lamiaceae, Poaceae, Violaceae, and Euphobiaceae. Brassicaceae had the largest number of taxa viz. 11 genera and 87 species. Different genera of Brassicaceae are known to accumulate metals. Ni hyperaccumulation is reported in 7 genera and 72 species and Zn in 3 genera and 20 species. Thlaspi species are known to hyperaccumulate more than one metal i.e. T. 
The importance of biodiversity (below and above ground) is increasingly considered for the cleanup of the metal contaminated and polluted ecosystems. This subject is emerging as a cutting edge area of research gaining commercial significance in the contemporary field of environmental biotechnology. Several microbes, including mycorrhizal and non-mycorrhizal fungi, agricultural and vegetable crops, ornamentals, and wild metal hyperaccumulating plants are being tested both in lab and field conditions for decontaminating the metalliferous substrates in the environment. As on todate about 400 plants that hyperaccumulate metals are reported. The families dominating these members are Asteraceae, Brassicaceae, Caryophyllaceae, Cyperaceae, Cunouniaceae, Fabaceae, Flacourtiaceae, Lamiaceae, Poaceae, Violaceae, and Euphobiaceae. Brassicaceae had the largest number of taxa viz. 11 genera and 87 species. Different genera of Brassicaceae are known to accumulate metals. Ni hyperaccumulation is reported in 7 genera and 72 species and Zn in 3 genera and 20 species. Thlaspi species are known to hyperaccumulate more than one metal i.e. T. caerulescence = Cd, Ni. Pb, and Zn; T. goesingense = Ni and Zn and T. ochroleucum = Ni and Zn and T. rotundifolium = Ni, Pb and Zn. Plants that hyperaccumulate metals have tremendous potential for application in remediation of metals in the environment. Significant progress in phytoremediation has been made with metals and radionuclides. This process involves rising of plants hydroponically and transplanting them into metal-polluted waters where plants absorb and concentrate the metals in their roots and shoots. As they become saturated with the metal contaminants, *Corresponding author roots or whole plants are harvested for disposal. Most researchers believe that plants for phytoremediation should accumulate metals only in the roots. Several aquatic species have the ability to remove heavy metals from water, viz., water hyacinth (Eichhornia crassipes (Mart.) Solms); pennywort (Hydrocotyle umbellata L.) and duckweed (Lemna minor L.). The roots of Indian mustard are effective in the removal of Cd, Cr, Cu, Ni, Pb, and Zn and sunflower removes Pb, U, 137 Cs, and 90 Sr from hydroponic solutions. Aquatic plants in freshwater, marine and estuarine systems act as receptacle for several metals. Hyperaccumulators accumulate appreciable quantities of metal in their tissue regardless of the concentration of metal in the soil, as long as the metal in question is present. The phytoextraction process involves the use of plants to facilitate the removal of metal contaminants from a soil matrix. In practice, metal-accumulating plants are seeded or transplanted into metal-polluted soil and are cultivated using established agricultural practices. If metal availability in the soil is not adequate for sufficient plant uptake, chelates or acidifying agents would be applied to liberate them into the soil solution. Use of soil amendments such as synthetics (ammonium thiocyanate) and natural zeolites have yielded promising results. Synthetic cross-linked polyacrylates, hydrogels have protected plant roots from heavy metals toxicity and prevented the entry of toxic metals into roots. After sufficient plant growth and metal accumulation, the above-ground portions of the plant are harvested and removed, resulting the permanent removal of metals from the site. Soil metals should also be bioavailable, or subject to absorption by plant roots. Chemicals that are suggested for this purpose include various acidifying agents, fertilizer salts and chelating materials. The retention of metals to soil organic matter is also weaker at low pH, resulting in more available metal in the soil solution for root absorption. It is suggested that the phytoextraction process is enhanced when metal availability to plant roots is facilitated through the addition of acidifying agents to the soil. Chelates are used to enhance the phytoextraction of a number of metal contaminants including Cd, Cu, Ni, Pb, and Zn Researchers initially applied hyperaccumulators to clean metal polluted soils. Several researchers have screened fast-growing, high-biomass-accumulating plants, including agronomic crops, for their ability to tolerate and accumulate metals in their shoots. Genes responsible for metal hyperaccumulation in plant tissues have been identified and cloned. Glutathione and organic acids metabolism plays a key role in metal tolerance in plants. Glutathione is ubiquitous component cells from bacteria to plants and animals. In phytoremediation of metals in the environment, organic acids play a major role in metal tolerance. Organic acids acids form complexes with metals, a process of metal detoxification. Genetic strategies and transgenic plant and microbe production and field trials will fetch phytoremediaition field applications.The importance of biodiversity and biotechnology to remediate potentially toxic metals are discussed in this paper. Brassicaceae amenable to biotechnological improvement and phytoremediation hype are highlighted.
Metals, radionuclides and other inorganic contaminants are among the most prevalent forms of environmental contaminants, and their remediation in soils and sediments is rather a difficult task (Cunningham et al. 1997) . Sources of anthropogenic metal contamination include smelting of metalliferous ore, electroplating, gas exhaust, energy and fuel production, the application of fertilizers and municipal sludges to land, and industrial manufacturing (Raskin et al. 1994; Cunningham et al. 1997; Blaylock and Huang, 2000) . Heavy metal contamination of the biosphere has increased sharply since 1900 (Nriagu, 1979) and poses major environmental and human health problems worldwide (Ensley, 2000) . Unlike many organic contaminants, most metals and radionuclides cannot be eliminated from the environment by chemical or biological transformation (Cunningham and Ow, 1996; NRC, 1997) . Although it may be possible to reduce the toxicity of certain metals by influencing their speciation, they do not degrade and are persistent in the environment (NRC, 1999) . The various conventional remediation technologies that are used to clean heavy metal polluted environments are soil in situ vitrification, soil incineration, excavation and landfill, soil washing, soil flushing, solidification and stabilization electrokinetic systems. Each of the conventional remediation technology has specific benefits and limitations (EPA, 1997; MADEP, 1993) .
All compartments of the biosphere are polluted by a variety of inorganic and organic pollutants as a result of anthropogenic activities and alter the normal biogeochemical cycling. A variety of biological resources have been employed widely both in developed and developing nations for cleanup of the metal polluted sites. These technologies have gained considerable momentum in the last one decade and currently in the process of commercialization (Comis, 1995; Salt et al. 1995a; Comis, 1996; Salt et al. 1998; Vangronsveld and Cunningham, 1998; Glass, 1999; Prasad and Freitas, 1999; Alcantara et al. 2000; Ernst, 2000; Glass, 2000a; Glass, 2000b; Raskin and Ensley, 2000; Watanabe, 1997; Hamlin, 2002; Prasad, 2003) . The Unites States of America's Environmental Protection Agency´s remediation program included phytoremediation of metals and radionuclides as a thurst area upto 25% during the year 2000 (Figure 1 ). Plants that hyper accumulate metals have tremendous potential for application in remediation of metals in the environment. This approach is emerging as an innovative tool with greater potential for achieving sustainable development and also to decontaminate metal polluted air, soil, water and for other environmental restoration applications through rhizosphere biotechnology (Desouza et al. 1999; Wenzel et al. 1999) (Figure 2 ). Metal hyperaccumulating plants are thus not only useful in phytoremediation, but also play a significant role in biogeochemical prospecting, and have implications on human health through food chain and possibly exhibit elemental allelopathy (metallic compounds leached through plant parts of the hyperaccumulator would supress the growth of other plants growing in the neighbourhood) and resistance against fungal pathogens ( Figure 3 ) (Boyd et al. 1994) . In order to be realistic about the phytoremediation, focussed studies on factors regulating phytoremediation are necessary (Figure 4 ).
The term phytoremediation ("phyto" meaning plant, and the Latin suffix "remedium" meaning to clean or restore) actually refers to a diverse collection of plant-based technologies that use either naturally occurring or genetically engineered plants for cleaning contaminated environments (Cunningham et al. 1997; Flathman and Lanza, 1998) . The primary motivation behind the development of phytoremediative technologies is the potential for low-cost remediation (Ensley, 2000) . Although the term, phytoremediation, is a relatively recent invention, its an age old practice (Cunningham et al. 1997; Brooks, 1998a) . Research using semi-aquatic plants for treating radionuclide-contaminated waters existed in Russia at the dawn of the nuclear era (Timofeev-Resovsky et al. 1962; Salt et al. 1995a) . Some plants which grow on metalliferous soils have developed the ability to accumulate massive amounts of the indigenous metals in their tissues without exhibiting symptoms of toxicity (Reeves and Brooks, 1983; Baker and Brooks, 1989; Baker et al. 1991; Entry et al. 1999) . Chaney, 1983 was the first to suggest using these "hyperaccumulators" for the phytoremediation of metal-polluted sites. However, hyperaccumulators were later believed to have limited potential in this area because of their small size and slow growth, which limit the speed of metal removal (Cunningham et al. 1995; Comis, 1996; Ebbs et al. 1997) . By definition, a hyperaccumulator must accumulate at least 100 mg g -1 (0.01% dry wt.), Cd, As and some other trace metals, 1000 mg g -1 (0.1 dry wt.) Co, Cu, Cr, Ni and Pb and 10,000 mg g -1 (1 % dry wt.) Mn and Ni (Reeves and Baker, 2000; Wantanabe, 1997) .
Phytoremediation consists of four different plant-based technologies each having a different mechanism of action for the remediation of metal-polluted soil, sediment, or water. These include: rhizofiltration, which involves the use of plants to clean various aquatic environments; phytostabilization, where plants are used to stabilize rather than clean contaminated soil; phytovolatilization, which involves the use of plants to extract certain metals from soil and then release them into the atmosphere through volatilization; and phytoextraction, where plants absorb metals from soil and translocate them to the harvestable shoots where they accumulate. Although plants show some ability to reduce the hazards of organic pollutants (Cunningham et al. 1995; Gordon et al. 1997; Carman et al. 1998) , the greatest progress in phytoremediation has been made with metals (Salt et al. 1995a; Watanabe, 1997; Blaylock and Huang, 2000) . Phytoremediative technologies which are soil-focused are suitable for large areas that have been contaminated with low to moderate levels of contaminants. Sites which are heavily contaminated cannot be cleaned through phytoremediative means because the harsh conditions will not support plant growth. The depth of soil which can be cleaned or stabilized is restricted to the root zone of the plants being used. Depending on the plant, this depth can range from a few inches to several meters (Schnoor et al. 1995) . Phytoremediation should be viewed as a long-term remediation solution because many cropping cycles may be needed over several years to reduce metals to acceptable regulatory levels. This new remediation technology is competitive, and may be superior to existing conventional technologies at sites where phytoremediation is applicable.
Rhizofiltration
Metal pollutants in industrial-process water and in groundwater are most commonly removed by precipitation or flocculation, followed by sedimentation and disposal of the resulting sludge (Ensley, 2000) . A promising alternative to this conventional clean-up method is rhizofiltration, a phytoremediative technique designed for the removal of metals in aquatic environments. The process involves raising plants hydroponically and transplanting them into metal-polluted waters where plants absorb and concentrate the metals in their roots and shoots (Dushenkov et al. 1995; Salt et al. 1995a; Flathman and Lanza, 1998; Zhu et al. 1999b) . Root exudates and changes in rhizosphere pH also may cause metals to precipitate onto root surfaces. As they become saturated with the metal contaminants, roots or whole plants are harvested for disposal (Flathman and Lanza, 1998; Zhu et al. 1999b) . Most researchers believe that plants for phytoremediation should accumulate metals only in the roots (Dushenkov et al. 1995; Salt et al. 1995a; Flathman and Lanza, 1998) . Dushenkov et al. 1995 explains that the translocation of metals to shoots would decrease the efficiency of rhizofiltration by increasing the amount of contaminated plant residue needing disposal. In contrast, Zhu et al. 1999b suggest that the efficiency of the process can be increased by using plants which have a heightened ability to absorb and translocate metals within the plant. Despite this difference in opinion, it is apparent that proper plant selection is the key to ensuring the success of rhizofiltration as a water cleanup strategy.
Dushenkov and Kapulnik, 2000 describe the characteristics of the ideal plant for rhizofiltration. Plants should be able to accumulate and tolerate significant amounts of the target metals in conjunction with easy handling, low maintenance cost, and a minimum of secondary waste requiring disposal. It is also desirable plants to produce significant amounts of root biomass or root surface area. Several aquatic species have the ability to remove heavy metals from water, including water hyacinth (Eichhornia crassipes (Mart.) Solms; Kay et al. 1984; Zhu et al. 1999b) , pennywort (Hydrocotyle umbellata L.; Dierberg et al. 1987) , and duckweed (Lemna minor L.; Mo et al. 1989 ). However, these plants have limited potential for rhizofiltration, because they are not efficient at metal removal, a result of their small, slow-growing roots (Dushenkov et al. 1995) . These authors also point out that the high water content of aquatic plants complicates their drying, composting, or incineration. Despite limitations, Zhu et al. 1999b indicated that water hyacinth is effective in removing trace elements in waste streams. Terrestrial plants are thought to be more suitable for rhizofiltration because they produce longer, more substantial, often fibrous root systems with large surface areas for metal sorption. Sunflower (Helianthus annuus L.) and Indian mustard (Brassica juncea Czern.) are the most promising terrestrial candidates for metal removal in water. The roots of Indian mustard are effective in the removal of Cd, Cr, Cu, Ni, Pb, and Zn (Dushenkov et al. 1995) , and sunflower removes Pb (Dushenkov et al. 1995) , U (Dushenkov et al. 1997a) , 137 Cs, and 90 Sr (Dushenkov et al. 1997b ) from hydroponic solutions.
Rhizofiltration is a cost-competitive technology in the treatment of surface water or groundwater containing low, but significant concentrations of heavy metals such as Cr, Pb, and Zn (Kumar et al. 1995b; Ensley, 2000) . The commercialization of this technology is driven by economics as well as by such technical advantages as applicability to many problem metals, ability to treat high volumes, lesser need for toxic chemicals, reduced volume of secondary waste, possibility of recycling, and the likelihood of regulatory and public acceptance (Dushenkov et al. 1995; Kumar et al. 1995b ). However, the application of this plant-based technology may be more challenging and susceptible to failure than other methods of similar cost. The production of hydroponically grown transplants and the maintenance of successful hydroponic systems in the field will require the expertise of qualified personnel, and the facilities and specialized equipment required can increase overhead costs. Perhaps the greatest benefit of this remediation method is related to positive public perception. The use of plants at a site where contamination exists conveys the idea of cleanliness and progress to the public in an area that would have normally been perceived as polluted.
Phytostabilization
Sometimes there is no immediate effort to clean metalpolluted sites, either because the responsible companies no longer exist or because the sites are not of high priority on a remediation agenda (Berti and Cunningham, 2000) . The traditional means by which metal toxicity is reduced at these sites is by in-place inactivation, a remediation technique that employs the use of soil amendments to immobilize or fix metals in soil. Although metal migration is minimized, soils are often subject to erosion and still pose an exposure risk to humans and other animals. Phytostabilization, also known as phytorestoration, is a plant-based remediation technique that stabilizes wastes and prevents exposure pathways via wind and water erosion; provides hydraulic control, which suppresses the vertical migration of contaminants into groundwater; and physically and chemically immobilizes contaminants by root sorption and by chemical fixation with various soil amendments (Cunningham et al. 1995; Salt et al. 1995a; Flathman and Lanza, 1998; Berti and Cunningham, 2000; Schnoor, 2000) . This technique is actually a modified version of the in-place inactivation method in which the function of plants is secondary to the role of soil amendments. Unlike other phytoremediative techniques, the goal of phytostabilization is not to remove metal contaminants from a site, but rather to stabilize them and reduce the risk to human health and the environment.
The most comprehensive and up-to-date explanation of the phytostabilization process is offered by Berti and Cunningham, 2000 . Before planting, the contaminated soil is plowed to prepare a seed bed and to incorporate lime, fertilizer, or other amendments for inactivating metal contaminants. Soil amendments should fix metals rapidly following incorporation, and the chemical alterations should be long lasting if not permanent. The most promising soil amendments are phosphate fertilizers, organic matter or bio-solids, iron or manganese oxyhydroxides, natural or artificial clay minerals, or mixtures of these amendments. Plants chosen for phytostabilization should be poor translocators of metal contaminants to aboveground plant tissues that could be consumed by humans or animals. The lack of appreciable metals in shoot tissue also eliminates the necessity of treating harvested shoot residue as hazardous waste (Flathman and Lanza, 1998) . Selected plants should be easy to establish and care for, grow quickly, have dense canopies and root systems, and be tolerant of metal contaminants and other site conditions which may limit plant growth. The research of Smith and Bradshaw, 1992 , led to the development of two cultivars of Agrostis tenuis Sibth and one of Festuca rubra L which are now commercially available for the phytostabilization of Pb-, Zn-, and Cucontaminated soils. Phytostabilization is most effective at sites having fine-textured soils with high organic-matter content but is suitable for treating a wide range of sites where large areas of surface contamination exist (Cunningham et al. 1995; Berti and Cunningham, 2000) . However, some highly contaminated sites are not suitable for phytostabilization, because plant growth and survival is not a possibility (Berti and Cunningham, 2000) . At sites which support plant growth, site managers must be concerned with the migration of contaminated plant residue off site (Schnoor, 2000) or disease and insect problems which limit the longevity of the plants. Phytostabilization has advantages over other soil-remediation practices in that it is less expensive, less environmentally evasive, easy to implement, and offers aesthetic value (Berti and Cunningham, 2000; Schnoor, 2000) . When decontamination strategies are impractical because of the size of the contaminated area or the lack of remediation funds, phytostabilization is advantageous (Berti and Cunningham, 2000) . It may also serve as an interim strategy to reduce risk at sites where complications delay the selection of the most appropriate technique for the site.
Phytovolatilization
Some metal contaminants such as As, Hg, and Se may exist as gaseous species in environment. In recent years, researchers have searched for naturally occurring or genetically modified plants that are capable of absorbing elemental forms of these metals from the soil, biologically converting them to gaseous species within the plant, and releasing them into the atmosphere. This process is called phytovolatilization, the most controversial of all phytoremediation technologies. Mercury and Se are toxic (Wilber, 1980; Suszcynsky and Shann, 1995) , and there is doubt about whether the volatilization of these elements into the atmosphere is safe (Watanabe, 1997) . Selenium phytovolatilization has been given the most attention to date (Lewis et al. 1966; Terry et al. 1992; Bañuelos et al. 1993; McGrath, 1998) , because this element is a serious problem in many parts of the world where there are areas of Se-rich soil (Brooks, 1998b) . However, there has been a considerable effort in recent years to insert bacterial Hg ion reductase genes into plants for the purpose of Hg phytovolatilization (Rugh et al. 1996; Heaton et al. 1998; Rugh et al. 1998; Bizily et al. 1999) . Although there have been no efforts to genetically engineer plants which volatilize As, it is likely that researchers will pursue this possibility in the future. According to Brooks, 1998b, the release of volatile Se compounds from higher plants was first reported by Lewis et al. 1966 . Terry et al. 1992 report that members of the Brassicaceae are capable of releasing up to 40 g Se ha-1 day -1 as various gaseous compounds.
Some aquatic plants, such as cattail (Typha latifolia L.), are also good for Se phytoremediation . Unlike plants that are being used for Se volatilization, those which volatilize Hg are genetically modified organisms. Arabidopsis thaliana L. and tobacco (Nicotiana tabacum L.) have been genetically modified with bacterial organomecurial lyase (MerB) and mercuric reductase (MerA) genes (Heaton et al. 1998; Rugh et al. 1998) . These plants absorb elemental Hg(II) and methyl mercury (MeHg) from the soil and release volatile Hg(O) from the leaves into the atmosphere (Heaton et al. 1998 ). The phytovolatilization of Se and Hg into the atmosphere has several advantages. Volatile Se compounds, such as dimethylselenide, are 1/600 to 1/500 as toxic as inorganic forms of Se found in the soil (DeSouza et al. 2000) . The volatilization of Se and Hg is also a permanent site solution, because the inorganic forms of these elements are removed and the gaseous species are not likely to be redeposited at or near the site (Atkinson et al. 1990; Heaton et al. 1998) . Furthermore, sites that utilize this technology may not require much management after the original planting. This remediation method has the added benefits of minimal site disturbance, less erosion, and no need to dispose of contaminated plant material (Heaton et al. 1998; Rugh et al. 2000) . Heaton et al. 1998 suggest that the addition of Hg(O) into the atmosphere would not contribute significantly to the atmospheric pool. However, those who support this technique also agree that phytovolatilization would not be wise for sites near population centers or at places with unique meteorological conditions that promote the rapid deposition of volatile compounds (Heaton et al. 1998; Rugh et al. 2000) . Unlike other remediation techniques, once contaminants have been removed via volatilization, there is a loss of control over their migration to other areas. Despite the controversy surrounding phytovolatilization, this technique is a promising tool for the remediation of Se and Hg contaminated soils.
Phytoextraction
Phytoextraction is the most commonly recognized of all phytoremediation technologies, and is the focus of the research proposed in this prospectus. The terms phytoremediation and phytoextraction are sometimes incorrectly used as synonyms, but phytoremediation is a concept while phytoextraction is a specific cleanup technology. The phytoextraction process involves the use of plants to facilitate the removal of metal contaminants from a soil matrix (Kumar et al. 1995a) . In practice, metalaccumulating plants are seeded or transplanted into metalpolluted soil and are cultivated using established agricultural practices. The roots of established plants absorb metal elements from the soil and translocate them to the above-ground shoots where they accumulate. If metal availability in the soil is not adequate for sufficient plant uptake, chelates or acidifying agents may be used to liberate them into the soil solution (Huang and Cunningham, 1996; Huang et al. 1997a; Lasat et al. 1998) . After sufficient plant growth and metal accumulation, the above-ground portions of the plant are harvested and removed, resulting the permanent removal of metals from the site. As with soil excavation, the disposal of contaminated material is a concern. Some researchers suggest that the incineration of harvested plant tissue dramatically reduces the volume of the material requiring disposal (Kumar et al. 1995a ). In some cases valuable metals can be extracted from the metal-rich ash and serve as a source of revenue, thereby offsetting the expense of remediation (Comis, 1996; Cunningham and Ow, 1996) . Phytoextraction should be viewed as a long-term remediation effort, requiring many cropping cycles to reduce metal concentrations (Kumar et al. 1995a ) to acceptable levels. The time required for remediation is dependent on the type and extent of metal contamination, the length of the growing season, and the efficiency of metal removal by plants, but normally ranges from 1 to 20 years (Kumar et al. 1995a; Blaylock and Huang, 2000) . This technology is suitable for the remediation of large areas of land that are contaminated at shallow depths with low to moderate levels of metal-contaminants (Kumar et al. 1995a; Blaylock and Huang, 2000) . Many factors determine the effectiveness of phytoextraction in remediating metal-polluted sites (Blaylock and Huang, 2000) . The selection of a site that is conducive to this remediation technology is of primary importance. Phytoextraction is applicable only to sites that contain low to moderate levels of metal pollution, because plant growth is not sustained in heavily polluted soils. Soil metals should also be bioavailable, or subject to absorption by plant roots. The land should be relatively free of obstacles, such as fallen trees or boulders, and have an acceptable topography to allow for normal cultivation practices, which employ the use of agricultural equipment. As a plant-based technology, the success of phytoextraction is inherently dependent upon several plant characteristics. The two most important characters include the ability to accumulate large quantities of biomass rapidly and the ability to accumulate large quantities of environmentally important metals in the shoot tissue (Kumar et al. 1995a; Cunningham and Ow, 1996; Blaylock et al. 1997; McGrath, 1998) . It is the combination of high metal accumulation and high biomass production that results in the most metal removal. Ebbs et al. 1997 reported that B. juncea, while having one-third the concentration of Zn in its tissue, is more effective at Zn removal from soil than T. caerulescens, a known hyperaccumulator of Zn. This advantage is due primarily to the fact that B. juncea produces ten-times more biomass than T. caerulescens. Plants being considered for phytoextraction must be tolerant of the targeted metal, or metals, and be efficient at translocating them from roots to the harvestable above-ground portions of the plant (Blaylock and Huang, 2000) . Other desirable plant characteristics include the ability to tolerate difficult soil conditions (i.e., soil pH, salinity, soil structure, water content), the production of a dense root system, ease of care and establishment, and few disease and insect problems. Although some plants show promise for phytoextraction, there is no plant which possesses all of these desirable traits. Finding the perfect plant continues to be the focus of many plant-breeding and genetic-engineering research efforts.
Biodiversity prospecting for phytoremediation of metals in the environment
"Biodiversity prospecting" offers a several opportunities of which the most important is to save as much as possible of the world's immense variety of ecosystems. Biodiversity prospecting would lead to the discovery of a wild plants that could clean polluted environments of the world. This subject is at its infancy with a great hope of commercial hype. The desire to capitalize on this new ideas need to provide strong incentives for conserving nature (Myers, 1990) .
Toxic trace elements are increasing in all compartments of the biosphere; including, air, water and soil, as a result of anthropogenic processes. For example, the metal concentration in river water and sediments increased several thousand fold by effluents from industrial and mining wastes (Siegel, 2002) . Aquatic plants in freshwater, marine and estuarine systems act as receptacle for several metals (Crites et al. 1997; Cole, 1998; Hansen et al. 1998; Kadlec et al. 2000; Kaltsikes, 2000; Odum et al. 2000) . Published literature indicate that an array of bioresources (biodiversity) have been tested in field and laboratory (Table 1) . Remediation programs relying on these materials may be sucessful (Comis, 1995; Glass, 1999; Glass, 2000a; Valdes, 2002; Wise et al. 2002) (Figure 5 ).
The most successful monitoring methods for metals in the environment are based on bacterial heavy metal biosensors viz., a) gene based biosensors and b) protein based biosensors (Prasad, 2001a; Tsao, 2003) . Mosses, liverworts and ferns are also capable of growing on metal-enriched substrates. These plants possess anatomical and physiological charcteristics enabling them to occupy unique ecological niches in natural metalliferous and man made environments. For example, groups of specialized bryophytes are found on Cu enriched substrates; so-called 'copper mosses' and come from widely separated taxonomic groups. Other bryophytes are associated with lead and zinc enriched substrates. However, the information aboutbryophytes growing on serpentine soils is rather scanty (Prasad, 2001a) . Pteridophytes (ferns) are associated with serpentine substrates invarious parts of the world Brake fern, Pteris vittata, a fast growing plant is reported to tolerate soils contaminated with arsenic as much as 1500 p.p.m and its fronds concentrate the toxic metal to 22,630 p.p.m in 6 weeks (Ma et al. 2001b ). Among angiosperms, about 400 metal hyperaccumulators have been identified which would serve as a reservoir for biotechnological application (Brooks, 1998b) (Figure 6 ).
Metal hyperaccumulators for phytoremediation hype
Mine reclamation and biogeochemical prospecting depends upon right selection of plant species and sampling. The selection of heavy metal tolerant species is a reliable tool to achieve success in phytoremediation. 163 plant taxa belonging to 45 families are found to be metal tolerant and are capable of growing on elevated concentrations of toxic metals ( Table 2 ). The use of metal tolerant species and their metal indicator and accumulation is a function of immense use for biogeochemical prospecting (Brooks, 1983; Badri and Sringeul, 1994; McInnes et al. 1996) .
Brassicaceae had the highest number taxa i.e. 11 genera and 87 species that are established for hyperaccumulation of metals ( Figure 7) . In Brassicace Ni hyperaccumulation is reported in 7 genera and 72 species (Reeves et al. 1996; Reeves et al. 1999) , and Zn in 3 genera and 20 species ( Considerable progress had been achieved recently in unravelling the genetic secrets of metal-eating plants. Genes responsible for metal hyperaccumulation in plant tissues have been identified and cloned (Moffat, 1999) . These finding are expected to identify new nonconventional crops, metallocrops that can decontaminate metals in the environment (Raskin, 1996; Ebbs et al. 1997; Ebbs and Kochian, 1998) . The fundamental aspects of microbe/plant stress responses to different doses of metals coupled with break through research innovations in biotechnology would successfully provide answers as how to apply the biodiversity for advancing phytoremediation technology.
Ornamentals
Neerium oleander leaves collected from urban areas of Portugal accumulated lead upto 78 mg/g dry weight in leaves and is suitable for monitoring lead in air (Freitas et al. 1991) . Canna x generalis is an important ornamental cultivated in urban landscape. Hydroponic cultures of this plant treated with lead for one month suggest that this plant is a suitable for phytoextraction of lead as the plant produces appreciable quantity of biomass ( Figure 10 and Figure 11 ) (Trampczynska et al. 2001 ) (Pelargoniumsp. "Frensham"), scented geranium was identified as one of the most efficient metal hyperaccumulator plants (Saxena et al. 1999) . In a greenhouse study, young cuttings of scented geranium grown in artificial soil and fed different metal solutions, were capable of taking up large amounts of three major heavy metal contaminants (i.e. Pb, Cd and Ni) in a relatively short time. These plants were capable of extracting from the feeding solution and stocking in their roots amounts of lead, cadmium and nickel equivalent to 9%, 2.7% and 1.9% of their dry weight material respectively. With an average root mass of 0.5-1.0 g in dry weight, scented geranium cuttings could extract 90 mg of Pb, 27 mg of Cd and 19 mg of Ni from the feeding solution in 14 days. If these rates of uptake could be maintained under field conditions, scented geranium should be able to cleanup heavily contaminated sites in less than 10 years (growth and uptake in nutrient solution is extremely different to that in soil, and scientific studies indicate the hydroponic culture is not indicative of a real-world situation, due to ion competition, root impedence, and the fact that plants do not grow root hairs when they are grown in solution). For example, a phytoremediation lead clean up program consisting of 16 successive croppings of scented geranium planted at a density of 100 plants m -2 over the summer could easily remove up to 72 g of lead m -2 yr -1 . In our estimates, scented geranium would extract 1000-5000 kg of lead per ha -1 yr -1 . Thus, these reported figures are close to Cunningham and Ow, 1996 estimations of metal removal rates of 200-1000 kg ha -1 yr -1 for plants capable of accumulating 1.0-2.0% metal. Thus, if scented geranium is planted in soil where the lead contamination is 1000 mg kg -1 of soil, which is the acceptable limit for the province of Ontario (Canada), it can clean up the soil completely in 8 years. Scented geranium also has the ability to survive on soils containing one or more metal contaminants (either individually or in combination) and on soils contaminated with a mixture of metal and hydrocarbons (up to three metal-hydrocarbon contaminated soils > 3% total hydrocarbon in combination with several metal contaminants.
Serpentinophytes as model systems for the unique feature of metal hyperaccumulation
Serpentinized rocks are distributed all over the world and and the harbours a distinct, often endemic plant community (Brooks, 1987) . Serpentine soils are characterized by disproportionate amounts of magnesium (Mg) in relation to calcium (Ca) and often contain eleveated concentrations of available nickel (Ni) (Kruckeberg, 1984 , Brooks, 1987 . Nickel can cause toxicity in serpentine soils due to its high solubility in the soil solution. Serpentine outcrops have been referred to as barrens because they are often sparsely vegetated with extremely poor in essential nutrients and thus is of not much agricultural value. They can generally be distinguished by their gray-green or reddish rocky soils and shrubby or stunted vegetation with small leathery leaves. Serpentinophytes often experience drought, nutrient stress and excessive exposure to heavy metal and high light intensity. Finally, serpentine soils are thin. This means there is less substrate on which nutrients and water can be held and made available to plants. Deep serpentine soil occurs only in valleys, in alluvial soil, where rains wash small particles downward. Vegetation in these valleys is denser with ultramafic soils. In north-east of Portugal the serpentinized area is about 8,000 ha with characteristic geology and flora. Many of the hyperaccumulators inhabit in serpentine soils as well as in a wide range of environmental conditions. In addition to sepentinophytes, a number of wild brassicaceae are the best suitable species being hyper accumulators for phtoremediation. Serpentine habitats and species are threatened worldwide. Mainly due to habitat loss, several serpentine endemic species have become extinct or they are highly threatened. These habitats, often regional hotspots of biodiversity should be preserved and actions to preserve these unique spots should be promptly implemented (Arianoutsou et al. 1993; Harrison, 1999) .
Edible plants and vegetables crops
The dominant leaf vegetable producing species viz. Amaranthus spinosus, Alternanthera philoxeroides and A. sessiles growing on the sewage sludge of Musi river located in greater Hyderabad City (close to 17º26' N latitude and 78º27' E longitude), Andhra Pradesh, India was investigated for metal accumulation. The transfer factor for metals was calculated Metal content in plant part (dry wt.)/ Metal content in soil (dry.wt). Transfer factor and metal content Cd (non-essential), Zn and Fe (essential) in plant parts of these selected species indicate their aility to bioconcentrate in their tissues ( Figure 12 ). The concentration of these metals is invariably high in leaf tissue (Bañuelos and Meek, 1989; Prasad, 2001b ).Thus, it is possible to use these species to restore the biosolid and sewage sludge contaminated sites, while exercising caution on human consumption. Alternanthera philoxeroides was used for removal of lead and mercury from polluted waters It is also possible to supplement the dietary requirement of human food with Zn and Fe as these being essential nutrients and the plant species are edible. However, there is a need to monitor the metal transfer factor through food chain (Bañuelos and Meek, 1989; Bañuelos et al. 1993a; Bañuelos et al. 1993b ).
Natural by products as biofilters of toxic metals
In addtion to use of wild and cultivated species besides cell cultures, a wide variety of agricultural and forestry by products have been used as biosorbents of toxic metals in a bid to develop biofilters for specific applications. Acacia nilotica bark serves as an adsorbent of toxic metals. Bark (1 g) when added to 100 ml of aqueous solution containing 10 mg ml -1 metal solution exhibited different metal adsorption values for different metals. The order of metal adsorption being Cr > Ni > Cu > Cd> As > Pb. A similar trend of metal adsorption was observed when the bark is reused (1strecycle) Cr > Ni > Cu > Cd > Pb and also in the column-sorption. In order to verify the metal removal property of A. nilotica bark, toxicity bioassay with Salix viminalis stem cuttings in hydroponic system augmented with Cd, Cr and Pb together with A. nilotica bark powder was carried out. The results of toxicity bioassay confirmed the metal adsorption property of the bark powder. The functions of toxicity studies include leaf area, root length and number of new root primordia produced per stump. The leaf area, root length and number of new root primordia increased considerably in the presence of A. nilotica bark. The order of metal toxicity for leaf area and new root primordial is Cd > Cr > Pb. However, for root length the order of metal toxicity is Cr > Cd > Pb. The metal budgets of the leaf and root confirmed that the bark powder had adsorbed substantial amount of toxic metals and thus, alleviates the toxicity imposed by the various tested elements .
Quercus ilex L. phytomass from stem, leaf and root as adsorbent of chromium, nickel, copper, cadmium and lead at ambient temperature was investigated. The metal uptake capacity of the root for different metals was found to be in the order of: Ni > Cd > Pb > Cu > Cr; stem Ni > Pb> Cu > Cd > Cr and leaf Ni > Cd > Cu > Pb > Cr. The highest amount adsorbed was Ni (root > leaf > stem). Data from this laboratory demonstrated that Ni is mostly sequestered in the roots where concentrations can be as high as 7.30 nmol/g dry weight, when one year old seedlings were treated with Ni (2000 mg/l) in pot culture experiments, compared to 0.13 nmol/g dry weight, in the control. This proves that the root biomass of Q. ilex has the capacity for complexing Ni. Chromium exhibited the least adsorption values for all the three types of phytomass compared to other metals. The trend of adsorption of the phytomass was similar for nickel and cadmium i.e. root > leaf > stem. Desorption with 10 mM Na 2 EDTA was effective (55-90%). Hence, there exists the possibility of recycling the phytomass. The biosorption results of recycled phytomass suggests, that the selected adsorbents are reusable (Prasad and Freitas, 2000) .
The putative role of hyperaccumulators and serpentinophytes in elemental allelopathy
Hyperaccumulators provide protection against fungal and insect attack. Recent studies suggests that Nihyperaccumulation has a protective function against fungal and bacterial pathogens in Streptanthus polygaloides and Thlaspi montanum (Boyd et al. 1994 ). An antiherbivory effect of Zn has been found in the Zn hyperaccumulator T. caerulescens. (Brooks, 1998b) . Species of Thlaspi are known to hyperaccumulate more than one metal. Several examples of plants that hyperaccumulate toxic metals and their concomitant functions on herbivory and influence of leachates on surrounding flora would add new dimension to the science of allelopathy.
FUTURE DIRECTIONS
Glutathione and organic acids metabolism plays a key role in metal tolerance in plants (Arisi et al. 1997; Huang et al. 1998; Schäfer et al 1998; Zhu et al. 1999a; Arisi et al. 2000; Ma et al. 2001a) .Glutathione is ubiquitous component cells from bacteria to plants and animals. In plants, it is the major low molecular mass thiol compound (28). Glutathione occurs in plants mainly as as reduced GSH (95%). Its synthesis is mediated by the enzymes glutamylcysteine synthetase (EC 6.3.2.2) and glutathione synthetase (EC 6.3.2.3). Glutathione metabolism is also connected with cysteine and sulphur metabolism in plants.Cysteine concentration limits gluthatione biosynthesis. Lowmolecular thiol peptides phytochelatins (PCs) often called class III metalothioneins are synthetized in plants from glutathione induced by heavy metal ions (Mejare and Bulow, 2001; Prasad and Strzalka, 2002 . PCs thus, synthesized chelate heavy metals and form complexes and these complexes are transported through cytosol in an ATP-dependent manner through tonoplast into vacuole. Thus the toxic metals are swept away from cytosol. Some high-molecular weight complexes (HMW) with S-2 can also be formed from these LMW complexes in vacuole (Clemens et al. 1999; Clemens, 2001 ).
Transgenic plants with modified genes of PCS and genes of glutathione synthesis enzymes: α-GCS and GS, and enzymes connected with sulphur metabolism, i.e. serine acetyl transferase, need special attention studied in order to achieve success (Liang et al. 1999; Pilon-Smits et al. 1999b) . Plants under heavy metals stress produce free radicals and reactive oxygen species and have to withstand the oxidative stress before aquiring tolerance to toxic metals. Glutathione is then used for the synthesis of PCs as well as for dithiol (GSSG) production. The ascorbateglutathione pathway is involved in plant defence against oxidative stress. Organic acids play a major role in metal tolerance (Ma et al. 2001a ) by forming complexes with metals, a process of metal detoxification. Chelation of metals with excluded organic acids in the rhizosphere and rhizospheric processes is an important aspect of investigation for remediation. These metabolic pathways underscore the physiological, biochemical and molecular basis for heavy metal tolerance (Prasad and Strzalka, 2002) .
Metal transporters and interactions in membranes at molecular level
Plants and humans require adequate amounts of micronutrients like iron and zinc (Cakmak and Marschner, 1987) , but accumulation of an excess or uptake of nonessential metals like cadmium or lead can be extremely harmful. Proteins of the CDF (cation diffusion facilitator) family (now termed as cation efflux family) are involved in the homeostasis of Cd 2+, Co 2+ , Fe 2+ and Zn 2+ in microbes, animals and plants (Lasat et al. 2000) . Therefore, elucidation of the role of CDF proteins in Arabidopsis thaliana would be advantageous to the success of phytoremediaiton. Complementary DNAs are to be functionally expressed in appropriate mutants of Saccharomyces cerevisiae to test their function. In a reverse genetics approach several representative Arabidopsis CDFs will be e used in RNA interference technology (Kramer et al. 1997; Persans et al. 2001 ). Regulation and localization of these CDFs need to be investigated by expressing promoter: GUS fusions and epitope-tagged fusion proteins in A. thaliana, and by development and use of specific antibodies. Very a little of information is available about protein-protein interactions of membrane. Such interactions might be vital for CDF function because their substrate metal cations are thought to be bound to metallochaperone proteins in the cytoplasm.
Molecular genetic and transgenic strategies for phytoremediation hype
Genetic strategies and transgenic plant and microbe production and field trials will fetch phytoremediaition field applications (Misra and Gedamu, 1989; Stomp et al. 1994; Ow, 1996; Arazi et al. 1999; Cai et al. 1999; Karenlampi et al. 2000; Mengoni et al. 2000; Kramer and Chardonnens, 2001; Pence et al. 2000; Palmer et al. 2001) . Mercury is a world wide problem as a result of its many diverse uses in industry. Mercury has been used in bleaching operations (chlorineproduction, paper, textiles, etc.) as a catalyst, a pigment for paints, for gold mining, as well as a fungicide and antibacterial agent in seeds and bulbs. Elemental mercury, Hg (0), can be a problem because it is oxidized to Hg 2+ by biological systems and subsequently is leached into wetlands, waterways, and estuaries. Additionally, mercury can accumulate in animals as methyl mercury (CH 3 -Hg + ), dimethylmercury (CH 3 ) 2 -Hg) or other organomercury salts. Organic mercury, produced by some anaerobic bacteria, is 1-2 orders of magnitude more toxic in some eukaryotes, is more likely to biomagnify than ionic mercury, and efficiently permeates biological membranes. MonomethylHg is responsible for severe neurological degeneration in birds, cats, and humans.
Certain bacteria are capable of pumping metals out of their cell, and or oxidizing, reducing, or modifying the metal ions to less toxic species. One example is the mer operon. The mer operon contains genes that sense mercury (merB), transport mercury (merT), sequester mercury to the periplasmic space (merP), and reduce mercury (merA). MerB is a subset of the mer operon and is capable of catalyzing the breakdown of various forms of organic mercury to Hg 2+ . MerB encodes an enzyme, organomercurial lyase, that catalyses the protonolysis of the carbon-mercury bond. One of the products of this reaction is ionic mercury (Rugh et al 1996; Heaton et al. 1998 Soil pH is a major factor influencing the availability of elements in the soil for plant uptake (Marschner, 1995) . Under acidic conditions, H + ions displace metal cations from the cation exchange complex (CEC) of soil components and cause metals to be released from sesquioxides and variable-charged clays to which they have been chemisorbed (i.e. specific adsorption; McBride, 1994) . The retention of metals to soil organic matter is also weaker at low pH, resulting in more available metal in the soil solution for root absorption. Many metal cations are more soluble and available in the soil solution at low pH (below 5.5) including Cd, Cu, Hg, Ni, Pb, and Zn (McBride, 1994; Blaylock and Huang, 2000) . It is suggested that the phytoextraction process is enhanced when metal availability to plant roots is facilitated through the addition of acidifying agents to the soil (Brown et al. 1994; Salt et al. 1995a; Blaylock and Huang, 2000) . Possible amendments for acidification include NH 4 -containing fertilizers, organic and inorganic acids, and elemental S. Trelease and Trelease, 1935 indicated that plant roots acidify hydroponic solutions in response to NH 4 nutrition and cause solutions to become more alkaline in response to NO 3 nutrition. Metal availability in the soil can be manipulated by the proper ratio of NO 3 to NH 4 used for plant fertilization by the effect of these N sources on soil pH, but no phytoremediation research has been conducted on this topic to date. The acidification of soil with elemental S is a common agronomic practice, which can be used to mobilize metal cations in soil. Brown et al. 1994 acidified a Cd-and Zn-contaminated soil with elemental S and observed that accumulation of these metals by plants was greater than when the amendment was not used. Acidifying agents are also used to increase the availability of radioactive elements in the soil for plant uptake. Huang et al. 1998 reported that the addition of citric acid increases U accumulation in Indian mustard (B. juncea) tissues more than nitric or sulfuric acid although all acids decrease soil pH by the same amount (Figure 13 ). These authors speculated that citric acid chelates the soil U, thereby enhancing its solubility and availability in the soil solution. The addition of citric acid causes a 1000-fold increase of U in the shoots of B. juncea compared to accumulation in the control (no citric acid addition). Despite the promise of some acidifying agents for use in phytoextraction, little research is reported on this subject.
The addition of chelating materials to soil, such as EDTA, HEDTA, and EDDHA, is the most effective and controversial means of liberating labile metal-contaminants into the soil solution. Chelates complex the free metal ion in solution, allowing further dissolution of the sorbed or precipitated phases until an equilibrium is reached between the complexed metal, free metal, and insoluble metal fraction (Norvell, 1991) . Chelates are used to enhance the phytoextraction of a number of metal contaminants including Cd, Cu, Ni, Pb, and Zn (Blaylock et al. 1997; Huang et al. 1997a; Huang et al. 1997b) . Huang et al. 1997a suggested that chelates are able to induce Pb accumulation in agronomic crops such as corn (Zea mays L.) and pea (Pisum sativum L.). These authors reported a 1000-fold increase of Pb in the soil solution after HEDTA application in comparison to soil solution of a control (no HEDTA addition). Under these conditions Pb concentrations in the shoots of corn and pea increases from less than 500 mg A kg -to more than 10,000 mg A kg -1 within one week after HEDTA application. This chelate-assisted accumulation of toxic quantities of metal in a non-accumulator species is termed "chelate-induced hyperaccumulation" (Huang et al. 1997a ). These researchers explained that when chelateinduced hyperaccumulation is the goal, metals on site are initially immobilized to allow for rapid establishment and growth of an agronomic crop such as corn. When the crop accumulates sufficient biomass, chelating materials are applied to the soil to result in the liberation of large quantities of metal into the soil solution. Massive amounts of metal are absorbed by plant roots and are translocated to the shoot tissue where they accumulate to toxic levels. After death, plants are harvested and removed from the site. Chelate-induced hyperaccumulation is in contrast to the normal practice of phytoextraction where plants are given a gradual exposure to non-toxic quantities of metal in solution, and accumulation occurs gradually over time as the plants grow. The controversy surrounding the use of chelates deals with the fate of the residual chelate in the soil after metal absorption occurs (Brooks, 1998a) . The massive liberation of chelate-bound metals into the soil solution makes them subject to leaching into deeper soil layers. Metals which migrate downward beyond the root zone of plants cannot be recovered through means of phytoremediation and may require the use of more expensive conventional remediation methods. The primary concern is that the liberated metals have the ability to migrate into uncontaminated areas, possibly groundwater reservoirs (Cunningham et al. 1997) . The scientific literature lacks appreciable information concerning the appropriate amount of chelate to apply under different levels of contamination and for different plant species. Further research is required to determine the fate of the chelate-metal complex in soil before the use of these amendments are accepted widely for use in phytoextraction. Some positively charged metals and radionuclides may be bound to the soil CEC by weak electrostatic forces and may be displaced by other cations in the soil solution (Sparks, 1995) .
As a plant-based technology, the success of phytoextraction is inherently dependent upon proper plant selection. As previously discussed, plants used for phytoextraction must be fast growing and have the ability to accumulate large quantities of environmentally important metal contaminants in their shoot tissue (Kumar et al. 1995a; Cunningham and Ow, 1996; Blaylock et al. 1997; McGrath, 1998) . Many plant species have been screened to determine their usefulness for phytoextraction. Researchers initially applied hyperaccumulators to clean metal polluted soils (Chaney, 1983) . At present, there are nearly 400 known hyperaccumulators (Salt and Kramer, 2000) , but most are not appropriate for phytoextraction because of their slow growth and small size. Several researchers have screened fast-growing, high-biomass accumulating plants, including agronomic crops, for their ability to tolerate and accumulate metals in their shoots (Dushenkov et al. 1995; Kumar et al. 1995a; Salt et al. 1995b; Bañuelos et al. 1997; Blaylock et al. 1997; Ebbs et al. 1997; Ebbs and Kochian, 1998; Huang et al. 1997a; Huang et al. 1997b; Lasat et al. 1997; Ebbs and Kochian, 1998; Lasat et al. 1998 ). Many metal-tolerant plant species, particularly grasses, escape toxicity through an exclusion mechanism and are therefore better suited for phytostabilization than phytoextraction (Baker, 1981; Ebbs et al. 1997) . However, barley (Hordeum vulgare L.) and oat (Avena sativa L.) are tolerant of metals such as Cu, Cd, and Zn, and accumulate moderate to high amounts of these metals in their tissues (Ebbs and Kochian, 1998) . Many herbaceous species, including members of the Brassicaceae, also accumulate moderate amounts of various metals in their shoots. A list of promising plant species for phytoextraction of metals and radionuclides is given (Table  3) . One of the most promising, and perhaps most studied, non-hyperaccumulator plant for the extraction of heavy metals from contaminated sites is Indian Mustard (B. juncea). Many hyperaccumulators belong to the Brassica family. Once it was suspected that known hyperaccumulators were not suited for phytoextraction, researchers looked to other high biomass-accumulating members of the Brassicaceae for plants which accumulated large quantities of toxic metals (Dushenkov et al. 1995; Kumar et al. 1995a) . Kumar et al. 1995a tested many fast growing Brassicas for their ability to tolerate and accumulate metals, including Indian mustard (B. juncea), black mustard (Brassica nigra Koch), turnip (Brassica campestris L.), rape (Brassica napus L.), and kale (Brassica oleracea L). Although all Brassicas accumulated metal, B. juncea showed a strong ability to accumulate and translocate Cu, Cr VI, Cd, Ni, Pb, and Zn to the shoots. Kumar et al. 1995a also investigated possible genetic variation of different B. juncea accessions in hope of finding some that had more phytoextraction potential than others. The term, accession, refers to seeds that have been gathered from a particular area and are now part of a collection at a seed bank or plant-introduction laboratory/institute. Once in the collection, seeds are assigned a number that identifies the particular accession. Although all Indian mustard accessions are B. juncea Czern., they may exhibit different phenotypes as a result of being from different regions where environmental factors may have influenced the natural selection of this species. Kumar et al. 1995a determined that accessions 426308, 211000, 426314, and 182921 are among the best suited for phytoextraction. Several researchers have confirmed the phytoremediation potential of these and other B. juncea accessions (Dushenkov et al. 1995; Salt et al., 1995b; Blaylock et al. 1997; Ebbs and Kochian, 1998) . The USDA-ARS Plant Introduction Station of Iowa State now maintains, and distributes, metal-accumulating accessions which are considered useful for phytoremediation. Indian mustard is an oilseed Brassica crop for which cultivation extends from India through western Egypt and Central Asia to Europe (Nishi, 1980) According to Prakash, 1980 , the oldest reference to B. juncea in Sanskrit literature is by the name `Rajika', and carbonized seeds of this species have been found in the ancient sites of the Harappan civilization (2300-1750 B.C.). Despite the efforts of historians and researchers, the precise origin of this crop remains an enigma. Perhaps the most likely place or places of origin are those regions where its parents, B. nigra and B. campestris, overlap in their distribution. Possible centers of origin include Africa (Zeven and Zhukovsky, 1975) , China (Chen et al. 1995) , the Middle East, Southwest Asia, and India (Sauer, 1993) . Indian mustard is eaten as a leafy vegetable in China but is grown in India primarily for its oil-containing seeds (~ 40% oil; Prakash, 1980) , which serve as a source of cooking oil and spice (Nishi, 1980; Krzymañski, 1997) . Indian mustard is capable of producing 18 tons of biomass per hectare per crop (Kumar et al. 1995a) . Plants perform very well in nutrient solution culture, progressing from the four-leaf stage to fully grown plants (up to 50 g shoot fresh mass) in as little as 21 days (personal observations). Although short day conditions (<12 hrs light) result in a more compact growth habit, shorter height, and limited leaf production (Bhaskar and Vora, 1994), biomass accumulation is greater than under long day conditions (9-10 hrs light optimal; Neelam et al. 1994) . Long day conditions promote early flowering (Bhaskar and Vora, 1994) but are not required for flower development. These plants have indeterminate growth and continue to branch from the nodes and to accumulate biomass after flower and siliquae (seed pod) development. The recommended fertility rate for maximum growth of B. juncea under un-contaminated conditions is 75 to120 kg N ha -1 and 30 to 50 kg P 2 O 5 per hectare (Thakral et al. 1995; Gurjar and Chauhan, 1997; Tomar et al. 1997) . Zaurov et al. 1999 reported that biomass accumulation of B. juncea was greatest when plants in soil are supplied with 200 kg N, 100 kg P 2 O 5 , and 66 kg K 2 O per hectare. However, Cd concentration in the tissue was greatest when no N was supplied. Indian mustard is given considerable attention by present day researchers, geneticists, and plant breeders in particular, because of its unique polyploid genome. Several accessions of B. juncea have been identified as moderate accumulators of metallic elements and are maintained by the USDA-ARS Plant Introduction Station at Iowa State University, Ames, Iowa. The benefit of using B. juncea seed from the plant introduction station is that the genetic integrity of the accessions is preserved through appropriate breeding techniques. Experiments that utilize these seeds have more precision than those conducted with seeds from commercially available sources. Precision is also greater, because future researchers can obtain the same accessions for their experiments. The USDA-ARS Plant Introduction Station maintains a worldwide collection of B. juncea accessions that are known metal-accumulators, and the seeds are distributed to public and private research institutions at no cost.
CONCLUDING REMARKS
There are certain limitations to implement phytoremediation with the use of biodiversity (Cunningham et al 1995; Cunningham and Ow, 1996; Chaney et al. 1997; Clemens et al. 2002) . To a considerable extent theseinclude: potential contamination of the vegetation and food chain, and often extremely difficult to establish and maintain vegetation on contaminated sites for. i.e. mine tailings with high level of residual metals. For metal contaminants, plants show the potential for phytoextraction (uptake and recovery of contaminants into above-ground biomass) (Anderson et al. 1998; Bañuelos et al. 1999; Huang and Cunningham, 1996) , filtering metals from water onto root systems (rhizofiltration), or stabilizing waste sites by erosion control and evapotranspiration of large quantities of water (phytostabilization) (Terry and Bañuelos, 2000; Heijden and Sanders, 2002) . After the plants have been allowed to grow for some time, they are harvested and either incinerated or composted to recycle the metals. This procedure may be repeated as necessary to bring soil contaminant levels down to allowable limits. If plants are incinerated, the ash must be disposed of in a hazardous waste landfil. Finally, phytoremediation in some countries has limited acceptance by the local government and takes long duration of time to mitigate the contaminant. Metal hyperaccumulators are generally slow-growing with a small biomass and shallow root systems. Plant biomass must be harvested and removed, followed by proper disposal. Plants experience stress due to prevailing high concentrations of metals.
One of the main advantages of phytoextraction is, that the plant biomass containing the extracted contaminant can be a resource. For example, i) biomass that contains selenium (Se), an essential nutrient, has been transported to areas that are deficient in Se and used for animal feed (Bañuelos and Meek, 1989; Bañuelos et al. 1993a) , ii) metal hyperaccumulators are of special significance in biogeochemical prospecting of minerals. Rhizofiltration has the following limitations i) terrestrial or aquatic plants are used for this purpose. Although terrestrial plants require support, such as a floating plat-form, they generally remove more contaminants than aquatic plants. This system can be either in situ (floating rafts on ponds) or ex situ (an engineered tank system). An ex situ system can be placed any where because the treatment does not have to be at the original location of contamination (Dushenkov et al. 1995; Dushenkov et al. 1997b ).
Rhizofiltration has the following disadvantages: i) the pH of the influent solution may have to be continually adjusted to obtain optimum metals uptake. ii) the chemical speciation and interaction of all species in the influent have to be understood for proper application, iii) A wellengineered system is required to control influent concentration and flow rate, iv) plants (especially terrestrial plants) may have to be grown in a greenhouseor nursery and then placed in the rhizofiltration system, v) periodic harvesting and plant disposal are required, vi) metal immobilization and uptake results from laboratory and greenhouse studies might not be achievable in the field.
In phytovolatilization has the following advantages: i) contaminants could be transformed to less toxic forms, such as elemental mercury and dimethyl selenite gas; ii) contaminants ormetabolites released to the atmosphere might be subject to more effective or rapid natural degradation processes such as photodegradation (Azaizeh et al. 1997) .
Phytovolatilization limitations: i) the contaminant (such as Se) might be released into the atmosphere (Azaizeh et al. 1997; Bañuelos et al. 1993a; Bañuelos et al. 1999) .Therefore, adequate planning in needed for phytoremediation-based systems integrated with the environment i.e., green belts (invaluable ecological niches, particularly in urban industrial areas); constructed wetlands in which Eichhornia crassipes (water hyacinth), Hydrocotyle umbellata (pennywort), Lemma minor (duckweed) and Azolla pinnata (water velvet), are maintained and managed which can take up Pb, Cu, Cd, Fe and Hg from aqueous solutions (Carbonell, 1998) .
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Figures Figure 1 . In a report of the year 2000, the USA environmental protection agency (EPA) listed about 194 ongoing bioremediation field research projects. Heavy metals and radionuclides represent about 30% of this activity supporting that bioremediation is a feasible technology to decontaminate the environment. Unlike many organic contaminants, most metals and radionuclides cannot be eliminated from the environment by chemical or biological transformation Although it may be possible to reduce the toxicity of certain metals by influencing their speciation, they do not degrade and are persistent in the environment. The conventional remediation technologies that are used to clean heavy metal polluted environments are soil in situ vitrification, soil incineration, excavation and landfill, soil washing, soil flushing, solidification and stabilization electrokinetic systems. Each of the conventional remediation technology has specific benefits and limitations. Figure 2 . The important phytoremediation technologies applied are rhizofiltration, phytostabilization, phytovolatilization, and phytoextraction. The term phytoremediation ("phyto" meaning plant, and the Latin suffix "remedium" meaning to clean or restore) actually refers to a diverse collection of plant-based technologies that use either naturally occurring or genetically engineered plants for cleaning contaminated environments. One of the primary objectives behind the development of phytoremediation technologies is its potential for application at a low-cost. Althouh the term, phytoremediation, is of a relatively recent origin, the practice is not. Figure 3 . Metal hyperaccumulators were believed to have limited potential in the area of phytoremediation owing to their slow growth, low biomass production which limit the speed of metal removal. By definition, a hyperaccumulator must accumulate at least 100 mg g -1 (0.01% dry wt.), Cd, As and some other trace metals, 1000 mg g -1 (0.1 dry wt.) Co, Cu, Cr, Ni and Pb and 10,000 mg g -1 (1% dry wt.) Mn and Ni. Plants that hyperaccumulate metals have other applications and implications. The most important applications are phytoremediation and biogeochemical prospecting. The other implications are elemental allelopathy and nutrition and toxicology which is of human health related subject. In Brassicaceae Arabidopsis thaliana, Brassica species and Armoracia rusticana have been extensively studied for metal sensitivity and resistance. In A. thaliana a number of heavy metal accumulating and sequestering mutants have been identified. Brassicace are amenable to well-characterized biotechnological and molecular biological tools through which transgenic production can be achieved for field trials.
